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Zh xvh dgydqfhg vxuylydo dqdo|vlv phwkrgv wr hvwlpdwh wkh sdudphwhuv
d>hfwlqj wkh mrlqw glvwulexwlrq ri h{lw gdwhv iurp sv|fkldwulf krvslwdov dqg
uhwxuq gdwhv wr wkrvh krvslwdov1 Gdwd frphv iurp Ylujlqld vwdwh sv|fkl0
dwulf krvslwdo dgplqlvwudwlyh uhfrugv1 Zh ?qg wkdw vh{/ pdulwdo vwdwxv/
hpsor|phqw vwdwxv/ gldjqrvlv/ dqg djh khos h{sodlq gxudwlrqv1 Zh dovr
?qg wkdw wkhuh lv vljql?fdqw gxudwlrq ghshqghqfh dqg xqrevhuyhg khwhur0
jhqhlw| zklfk vxjjhvw wkdw hduolhu dqdo|vhv lq wklv ?hog wkdw xvhg vlpsohu
hvwlpdwlrq phwkrgv zhuh  dzhg1
MHO frghv= L45/ L4;/ F74
œWkh fruuhvsrqglqj dxwkru lv Vwhyhq Vwhuq/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Ylujlqld/
Fkduorwwhvylooh/ YD 55<361
|Wkh gdwd dqg wdexodwlrqv xwlol}hg lq wklv sdshu zhuh dydlodeoh wkurxjk wkh Ylujlqld
GPKPUVDV1 Wkh gdwd zhuh ruljlqdoo| froohfwhg e| vwdwh phqwdo khdowk idflolwlhv1 Qhlwkhu
wkh ruljlqdo vrxufh qru froohfwruv ri wkh gdwd pdlqwdlq dq| uhvsrqvlelolw| iru wkh dqdo|vhv ru
lqwhusuhwdwlrqv suhvhqwhg khuh1 Wklv surmhfw zdv vxssruwhg e| QLPK U5< PK7;<9;035/ QLPK
U34 PK8658<034D5/ dqg Vrxwkhdvwhuq Uxudo Phqwdo Khdowk Uhvhdufk Fhqwhu judqw QLPK S83
PK7<4:6141 Lqwurgxfwlrq
Wkh sxeolf srolf| ri ghlqvwlwxwlrqdol}dwlrq kdv suhgrplqdwhg phqwdo khdowk sodq0
qlqj dqg ghflvlrq0pdnlqj lq uhfhqw ghfdghv1 Wkh jryhuqphqw dqg frqvxphu
jurxsv kdyh mrlqhg wrjhwkhu wr ?qg zd|v wr ghfuhdvh wkh vwdwh phqwdo krvslwdo
lqsdwlhqw srsxodwlrq1 Wkhuh lv d frqvlvwhqw eholhi lq wkh qhhg wr uhgxfh wkh xwl0
ol}dwlrq ri lqsdwlhqw fduh wkdw kdv uhvxowhg lq d ghfolqh iurp 746/399 vwdwh phqwdo
krvslwdo ehgv lq 4<:3 wr <6/38; lq 4<<5 +Uhglfn hw do1 4<<9,1 Krzhyhu/ wkhuh lv
rqjrlqj frqfhuq derxw wkh xwlol}dwlrq ri lqsdwlhqw fduh1 Sduwlfxodu frqfhuq uhodwh
wr wkh ohqjwk ri lqsdwlhqw vwd|v dqg wkh uhdgplvvlrq wr lqsdwlhqw fduh iroorzlqj
glvfkdujh1 Vwdwh phqwdo krvslwdov kdyh orqjhu phgldq ohqjwkv ri vwd|v iru glv0
fkdujhg folhqwv wkdq rwkhu w|shv ri sv|fkldwulf lqsdwlhqw idflolwlhv +Urvhqvwhlq hw1
do1 4<<3,1 D vwxg| lqfoxglqj gdwd iurp hohyhq vwdwhv rq doo ri wkh vwdwh sv|fkl0
dwulf krvslwdov folhqwv iru d irxu |hdu wlph shulrg vkrzhg wkdw 58( ri wkh folhqwv
zhuh krvslwdol}hg iru ryhu irxu |hduv +Ohjlqvnl hw1 do1 4<<3,1 Ri wkh folhqwv zlwk
ohqjwkv ri vwd| ohvv wkdq irxu |hduv/ 83( kdg rqh ru pruh sulru lqsdwlhqw ylvlwv
zlwklq irxu |hduv1 Ilvkhu/ hw1 do1 +4<<5, hpslulfdoo| fkdoohqjhg wkh dffhswhg eh0
olhi wkdw lqfuhdvlqj frppxqlw| uhvrxufhv iru wkh surylvlrq ri rxwsdwlhqw dqg rwkhu
w|shv ri frppxqlw| edvhg fduh uhgxfhv wkh xvh ri lqsdwlhqw fduh/ sduwlfxoduo|
wkurxjk ghfuhdvlqj uhdgplvvlrqv1 Wkh| xvhg d qdwxudoo| rffxuulqj h{shulphqw
zkhuh d vhw ri frxqwlhv kdg wzlfh wkh frppxqlw| uhvrxufhv dv rwkhu frxqwlhv lq wkh
vwdwh1 Dowkrxjk wkhuh zdv ohvv xwlol}dwlrq ri lqsdwlhqw fduh/ lw zdv gxh wr ohvv xvh
e| orqj whup sdwlhqwv wkdq e| sdwlhqwv zlwk vwd|v ri <3 ru ihzhu gd|v1 Vxuylydo
dqdo|vlv zdv xvhg wr vkrz wkdw wkhuh zdv olwwoh gl>huhqfh lq frppxqlw| whqxuh
dprqj wkh uhjlrqv1 Wkh| ghwhuplqhg wkdw lq doo exw rqh uhjlrq/ wkhuh zdv d 83(
fkdqfh wkdw d sdwlhqw glvfkdujhg iurp d vwdwh krvslwdo zrxog qrw eh uhdgplwwhg
lq irxu |hduv1
Gxh wr wkh frvw ri lqsdwlhqw fduh dqg lwv uhvwulfwlrq rq wkh iuhhgrp ri folhqwv/
wkhuh lv frqwlqxdo h>ruw wr ?qg zd|v wr uhgxfh lwv xwlol}dwlrq1 Wklv vwxg| h{soruhv
lq ghswk wkh fkdudfwhulvwlfv ri folhqwv dqg frppxqlwlhv wkdw lq xhqfh wkh ohqjwk
ri lqsdwlhqw vwd| dqg ohqjwk ri wkh vwd| lq wkh frppxqlw| iroorzlqj glvfkdujh iurp
lqsdwlhqw fduh/ whuphg frppxqlw| whqxuh/ iru folhqwv wuhdwhg lq vwdwh krvslwdov ri
wkh Ylujlqld Ghsduwphqw ri Phqwdo Khdowk/ Phqwdo Uhwdugdwlrq/ dqg Vxevwdqfh
Dexvh Vhuylfhv +GPKPUVDV,1 Lwv ?qglqjv r>hu dgglwlrqdo lqirupdwlrq rq wkh
xwlol}dwlrq ri lqsdwlhqw fduh/ sduwlfxoduo| rq idfwruv wkdw lq xhqfh ohqjwk ri vwd|
dqg vxevhtxhqw frppxqlw| whqxuh1 Lq rughu wr uhgxfh ixuwkhu wkh xvh ri lqsdwlhqw
fduh/ lw lv qhfhvvdu| wr xqghuvwdqg wkh uhodwlrqvkls ehwzhhq ohqjwk ri vwd| dqg wkh
5sdwwhuq ri fduh zlwklq wkh lqsdwlhqw vwd| dqg vxevhtxhqw frppxqlw| whqxuh1
Wklv vwxg| frqvlghuv wkh h>hfw ri lqsdwlhqw ohqjwk ri vwd| dqg gldjqrvlv rq
vxevhtxhqw frppxqlw| whqxuh1 Lw dovr lqfrusrudwhv lqirupdwlrq derxw d folhqw*v
frppxqlw| dv d zd| wr frqvlghu wkh lq xhqfh ri frppxqlw| uhvrxufhv rq xwlol}d0
wlrq1 Wkh uhvxowv fdq eh xvhg e| fhqvxv uhgxfwlrq surjudpv dqg dv d phdqv wr
lghqwli| sur?ohv ri lqglylgxdov dw juhdwhu ulvn iru uhflglylvp1 Vhfwlrq 5 ghvfulehv
wkh gdwd1 Vhfwlrq 6 ghvfulehv wkh vxuylydo dqdo|vlv whfkqltxhv dqg ghwdlov ri wkh
hpslulfdo vshfl?fdwlrq xvhg1 Vhfwlrq 7 suhvhqwv uhvxowv1
51 Gdwd
Wkh pdlq vrxufh ri gdwd lv wkh pdvwhu ghprjudsklf ?oh iru wkh Sdwlhqw2Uhvlghqw
Dxwrpdwhg Lqirupdwlrq V|vwhp +SUDLV, surylghg e| GPKPUVDV1 Wkh ?oh
frqwdlqv 467/569 uhfrugv ehwzhhq 4<:; dqg 4<<5/ hdfk ri zklfk ghwdlov dq hslvrgh
iru dq lqglylgxdo lq rqh ri Ylujlqld*v hljkw sxeolf dgxow sv|fkldwulf krvslwdov1 Hdfk
uhfrug lqfoxghv d xqltxh sdwlhqw lghqwl?hu> sdwlhqw ghprjudsklf fkdudfwhulvwlfv>
dgplqlvwudwlyh lqirupdwlrq froohfwhg dw wkh sdwlhqw*v dgplvvlrq dqg glvfkdujh/
lqfoxglqj ehjlqqlqj dqg hqglqj gdwhv iru wkh hslvrgh> dqg sv|fkldwulf gldjqrvlv
frghv1
Wklv gdwd frqwdlqv sdwlhqw vwd|v zklfk rffxuuhg erwk ehiruh dqg diwhu wkh
SUDLV v|vwhp fdph rq olqh1 Wkh ?uvw lpsruwdqw vwhs lq wkh irupdwlrq ri rxu
gdwd vhw zdv wr fkrrvh doo hslvrghv zklfk ehjdq diwhu wkh uhohydqw krvslwdo zdv
xvlqj SUDLV14 Wklv vhohfwlrq fulwhulrq uhgxfhg wkh qxpehu ri revhuydwlrqv iurp
467/569 wr :/5891 Vhyhudo yduldeohv zhuh uhfrghg lqwr d pruh xvdeoh irup1 Wkhvh
yduldeohv lqfoxgh udfh/ pdulwdo vwdwxv/ ohjdo vwdwxv/ dqg hpsor|phqw vwdwxv1 Wkh
GVPLY gldjqrvwlf frghv zhuh dovr uhfrghg lqwr wkluwhhq gldjqrvwlf fdwhjrulhv lq
d wzr vwhs surfhvv= d, wkh| zhuh jurxshg lqwr 65 gldjqrvwlf frghv edvhg rq d
frglqj vfkhph xvhg e| QLPK zlwk wkhlu Folhqw Vdpsoh Vxuyh|v> e, wkhq wkh| zhuh
djjuhjdwhg lqwr wkh wkluwhhq jurxsv edvhg rq folqlfdo vlplodulwlhv dqg fhoo vl}hv lq
hdfk jurxs1
Klvwrulhv zhuh wkhq frqvwuxfwhg iru hdfk lqglylgxdo lq wkh gdwd vhw1 Wkh
ehjlqqlqj dqg hqglqj gdwhv ri d krvslwdo vwd| duh jlyhq lq wkh gdwd1 D frqvwuxfwhg
frppxqlw| whqxuh lv wkh ohqjwk ri wkh vsdq ri wlph ehwzhhq krvslwdo vwd|v ru/
fruuhvsrqglqj wkh odvw revhuyhg krvslwdo vwd|/ wkh ohqjwk ri wkh vsdq ri wlph diwhu
4Hdfk krvslwdo frqyhuwhg wr SUDLV dw d gl>huhqw wlph1 Wkh ?uvw frqyhuvlrq zdv lq Dsulo/
4<<4/ dqg wkh odvw zdv lq Iheuxdu|/ 4<<51 Rqo| wklv gdwd lv xvhg ehfdxvh lw lv ulfkhu wkdq wkh
gdwd dydlodeoh sulru wr wkh lpsohphqwdwlrq ir SUDLV1
6wkdw krvslwdo vwd| xqwlo wkh gdwd wuxqfdwlrq srlqw1 Wkh 8/;7: lqglylgxdov lq wkh
gdwd vhw h{shulhqfhg :/589 krvslwdo vwd|v dqg 9/649 frppxqlw| vwd|v1
Vhyhudo vwhsv zhuh wdnhq wr plqlpl}h wkh h>hfw ri plvvlqj yduldeohv1 Li zh
revhuyhg d frxqw| frgh dw hlwkhu dgplvvlrq ru glvfkdujh exw qrw erwk/ zh vhw
wkh plvvlqj frxqw| frgh htxdo wr wkh revhuyhg frxqw| frgh1 Dovr/ zh dvvxphg
wkh udfh dqg vh{ ri lqglylgxdov glg qrw fkdqjh ryhu hslvrghv/ dqg wkdw wkh djh ri
lqglylgxdov fkdqjhg lq wkh h{shfwhg lqfuhphqw ryhu hslvrghv1 Wklv doorzhg xv wr
?oo lq plvvlqj udfh/ vh{/ dqg djh yduldeohv iru lqglylgxdov zkr kdg pruh wkdq rqh
hslvrgh1
Qh{w/ lw zdv qhfhvvdu| wr uhmhfw doo revhuydwlrqv iru zklfk udfh/ pdulwdo vwdwxv/
djh/ frxqw| frgh/ ohjdo vwdwxv/ gldjqrvlv/ ru hpsor|phqw vwdwxv/ zdv plvvlqj1 D
ghwdlohg plvvlqj yduldeohv dqdo|vlv lv suhvhqwhg lq Wdeoh 41 Diwhu wkhvh uhmhfwlrqv/
wkh qxpehu ri krvslwdo vwd|v zdv uhgxfhg wr 8/995/ dqg wkh qxpehu ri frppxqlw|
vwd|v ihoo wr 7/:<:1 Wkhvh revhuydwlrqv pdnh xs wkh gdwd vhw xvhg lq wklv vwxg|1
Wdeoh 5 lqglfdwhv zkdw sruwlrq ri wkhvh hslvrghv zhuh fhqvruhg1 Qrw vxusulvlqjo|/
d odujh sruwlrq +6/:33, ri wkh frppxqlw| vwd|v duh fhqvruhg ehfdxvh ri uljkw
fhqvrulqj1 D vpdoohu qxpehu +:98, ri wkh krvslwdo vwd|v duh fhqvruhg1 Wkh
dyhudjh krvslwdo ohqjwk ri vwd| zdv 741: gd|v/ dqg wkh dyhudjh frppxqlw| whqxuh
zdv 47316 gd|v1
Dv d ?qdo vwhs/ wkh gdwd vhw zdv vxssohphqwhg e| lqirupdwlrq iurp wkh Duhd
Uhvrxufh Iloh +DUI, surylghg e| wkh Exuhdx ri Khdowk Surihvvlrqv1 Wklv ?oh
frqwdlqv frxqw| dqg flw| djjuhjdwh gdwd rq yduldeohv vxfk dv sdwlhqw fduh sv|fkl0
dwulvwv/ qxuvhv/ d uxudo lqglfdwru/ shufhqw xuedq/ shufhqw eodfn/ phgldq hgxfdwlrq/
srsxodwlrq lq fruuhfwlrqv idflolwlhv/ dqg rwkhu yduldeohv1 Wkhvh yduldeohv zhuh
qrupdol}hg e| frxqw| srsxodwlrq1 Wkh frxqw| ohyho yduldeohv uhsuhvhqwhg ydulrxv
|hduv iurp 4<;304<<3> lw zrxog kdyh ehhq rswlpdo wr kdyh doo yduldeohv iurp rqh
s r l q wl qw l p h /e x wj h q h u d o o |w k hf k d q j hl qw k h v hy d u l d e o h vl vf r q v l v w h q wr y h uw l p h 1
Wkhuh lv dovr vrph frqfhuq iru wklv gdwd wkdw vrph 3}hurhv4 lq wkh gdwd duh uhdoo|
hlwkhu plvvlqj ru rffxu lq uxudo frxqwlhv gxh wr vdpsolqj sureohpv1 Qhyhuwkhohvv/
wkhuh lv qr ehwwhu dowhuqdwlyh gdwd zlwk vlplodu lqirupdwlrq1
Wdeoh 6 surylghv qdphv dqg gh?qlwlrqv ri wkh yduldeohv/ dqg Wdeoh 7 surylghg
wkh phdqv dqg vwdqgdug ghyldwlrqv iru wkh h{sodqdwru| yduldeohv iurp wkh DUI
dqg wkh SUDLV ?oh iru erwk krvslwdo vwd|v dqg frppxqlw| vwd|v1 Wkhuh lv olwwoh
gl>huhqfh ehwzhhq wkh phdqv ri wkh h{sodqdwru| yduldeohv iru krvslwdo vwd|v dqg
frppxqlw| vwd|v1 Dq h{fhswlrq wr wklv lv wkdw lqglylgxdov hqwhulqj d frppxqlw|
vwd| olyh lq frxqwlhv zlwk pruh orqj whup sv|fkldwulf krvslwdov wkdq wkrvh ehjlq0
qlqj d krvslwdo vwd|1 Wklv grfxphqwv wkh frqfhuq ri frppxqlwlhv uhjduglqj wkh
7pljudwlrq ri folhqwv wr duhdv qhdu vwdwh krvslwdov1 Wkh 3w|slfdo4 lqglylgxdo lq wkh
gdwd lv d zklwh/ xqpduulhg/ xqhpsor|hg pdoh lq klv odwh wkluwlhv/ dowkrxjk wkhuh lv
d glvsursruwlrqdwho| odujh qxpehu ri eodfnv lq wkh gdwd uhodwlyh wr wkh srsxodwlrq
dv d zkroh1 Wkh prvw frpprqo| dvvljqhg gldjqrvlv lv vfkl}rskuhqld iroorzhg e|
elsrodu glvrughuv dqg wkhq dofrkro dqg rwkhu ghsuhvvlyh glvrughuv1
Vrph vprrwkhg Ndsodq0Phlhu vxuylydo fxuyhv zhuh jhqhudwhg iurp wkh gdwd1
Zh frpsxwhg wkhvh fxuyhv iru eodfnv dqg zklwhv iru erwk frppxqlw| vwd|v dqg
krvslwdo vwd|v1 Iru h{dpsoh/ Iljxuh 4 vkrzv wkdw wkh suredelolw| ri vwloo uhpdlqlqj
lq wkh frppxqlw| diwhu 433 gd|v lv dssur{lpdwho| 87( iru zklwhv lq wkh gdwd dqg
8:( iru eodfnv lq wkh gdwd1 Dw 533 gd|v/ wkhvh suredelolwlhv duh dssur{lpdwho|
5:( dqg 65(1 Iljxuh 5 vkrzv wkdw wkh suredelolw| ri vwloo uhpdlqlqj lq wkh
krvslwdo diwhu 433 gd|v lv 44( iru zklwhv lq wkh gdwd dqg 48( iru eodfnv lq wkh
gdwd1 Dw 533 gd|v wkhvh suredelolwlhv duh 6( dqg 8(1 Lw lv qrwhzruwk| wkdw wkh
fxuyh iru eodfnv lv hyhu|zkhuh deryh wkh fxuyh iru zklwhv iru krvslwdo vwd|v1 Wklv
lv vxusulvlqj ehfdxvh odwhu uhvxowv vkrz wkdw wkh pdujlqdo frqwulexwlrq ri ehlqj
e o d f nw rw k hk d } d u gu d w h vi r ue r w kw | s h vr iv s h o o vl vs r v l w l y h 1 W k l vl q g l f d w h vw k d w
wkh kljkhu vxuylydo fxuyh iru eodfnv lq Iljxuh 5 uhvxowv iurp idfwruv fruuhodwhg zlwk




￿￿ e hw k ho h q j w kr iw k h￿wk sv|fkldwulf krvslwdo vwd| iru lqglylgxdo ￿/d q go h w
|S
￿￿ eh wkh ￿wk frppxqlw| vwd| iru lqglylgxdo ￿1D v v x p h ￿ kdv ?ß
￿ krvslwdo vwd|v
dqg ?S
￿ frppxqlw| vwd|v1 Ohw _ß
￿￿ ’￿li wkh ￿wk krvslwdo vwd| zdv fhqvruhg/ dqg
ohw _ß
￿￿ ’frwkhuzlvh1 Gh?qh _S
￿￿ dqdorjrxvo| iru frppxqlw| vwd|v1 Ohw fß
￿￿ eh
d vhw ri h{sodqdwru| yduldeohv iru wkh ￿wk krvslwdo vwd|/ dqg ohw fS
￿￿ eh d vhw ri
h{sodqdwru| yduldeohv iru wkh ￿wk frppxqlw| vwd|1 Wkhq wkh frqglwlrqdo kd}dug






















iru & ’ ß ru S1 Wklv lv wkh vwdqgdug sursruwlrqdo kd}dugv prgho +Fr{/ 4<:5,1


























6 Ø ￿ Ø ￿&
6n￿1W k h }& yduldeohv duh wkh vorshv/ dqg wkh ￿& yduldeohv duh wkh
qrghv1 Zh ?{ wkh qrghv dqg hvwlpdwh wkh vorshv1 Wkh xqrevhuyhg khwhurjhqhlw|/
0&
￿￿/w d n h vg l >huhqw irupv1 Lq wkh vlpsohvw fdvh/ zh dvvxph wkhuh lv qr xqrevhuyhg
khwhurjhqhlw|1 Lq wkh qh{w fdvh/ zh dvvxph 0&
￿￿ grhv qrw ydu| ryhu ￿ exw lv
lqghshqghqw ryhu & dqg ￿1 Lq wkh prvw jhqhudo fdvh/ zh vwloo dvvxph 0&
￿￿ grhv qrw
ydu| ryhu ￿ exw doorz 0ß
￿￿ dqg 0S
￿￿ wr eh fruuhodwhg1 Lq doo fdvhv/ zh xvh d 70srlqw
Jdxvvldq txdgudwxuh dssur{lpdwlrq wr wkh qrupdo glvwulexwlrq iroorzlqj Oloodug
+4<<6,1 Zh dovr wulhg xvlqj d jhqhudol}dwlrq ri wkh 50srlqw glvfuhwh glvwulexwlrq
dssur{lpdwlrq ghvfulehg lq Khfnpdq dqg Vlqjhu +4<;7, doorzlqj iru xqvshfl?hg
fruuhodwlrq exw irxqg frqyhujhqfh surshuwlhv ri wkh rswlpl}dwlrq dojrulwkp zhuh
qrw dv qlfh15
Wkh olnholkrrg ri revhuylqj d vhw ri vshoo ohqjwkv |ß
















































































































Iru prvw ri wkh dqdo|vlv/ wkh vhw ri h{sodqdwru| yduldeohv xvhg zloo frqvlvw ri
wkrvh olvwhg lq Wdeoh 41 Lq dgglwlrq/ wkhuh duh wzr vslnh yduldeohv1 Wkh ?uvw lv
htxdo wr 4 iru wkh wkuhh gd|v ehiruh dqg wkh wzr gd|v diwhu rqh*v frpplwwhg gd|v
hqg iru krvslwdo vwd|v1 Wklv doorzv iru d kljk kd}dug udwh zkhq frpplwwhg gd|v
5Wkh mrlqw glvwulexwlrq ri wkh xqrevhuyhg khwhurjhqhlw| yduldeohv lv frqglwlrqdo rq kdylqj d
krvslwdo vwd| dqg lv wkhuhiruh qrw wkh vdph dv iru wkh X1V1 srsxodwlrq1 Krzhyhu/ lw lv uhdoo| wklv
frqglwlrqdo glvwulexwlrq zklfk lv ri prvw uhohydqfh iru srolf|1
9uxq rxw1 Wkh rwkhu lv htxdo wr 4 iru wkh ?uvw vhyhq gd|v ri d krvslwdo vwd| iru
wkrvh dgplwwhg xqghu d whpsrudu| ghwhqwlrq rughu +WGR,1
Wkh qrghv iru wkh edvholqh kd}dug duh : gd|v/ 48 gd|v/ 64 gd|v/ 83 gd|v dqg
9 3g d | v 1 W k x vz hh v w l p d w hv l {}& vorshv iru hdfk w|sh ri vshoo1
Vrph ri wkh dqdo|vlv lv suhvhqwhg lq whupv ri wkh suredelolw| ri uhpdlqlqj
+hlwkhu lq wkh krvslwdo ru lq wkh frppxqlw|, dw wlph |1 Wklv suredelolw|/ fdoohg
wkh vxuylyru fxuyh/ lv gh?qhg lq whupv ri wkh kd}dug udwh dv
7
&





























& lv wkh ghqvlw| ri 0&
￿￿1
6151 Frqwuroolqj iru Ohiw Fhqvrulqj
Lw lv zhoo nqrzq wkdw glvfduglqj wkh ?uvw ohiw0fhqvruhg frppxqlw| vwd| ohdgv wr lq0
frqvlvwhqw sdudphwhu hvwlpdwhv zkhq wkhuh lv xqrevhuyhg khwhurjhqhlw| +Khfnpdq
dqg Vlqjhu/ 4<;8 dqg Odqfdvwhu/ 4<<3,1 Wklv rffxuv ehfdxvh rqh lv xqghuvdp0
solqj orqj frppxqlw| vwd|v dqg orqj krvslwdo vwd|v uhodwlyh wr wkhlu glvwulexwlrq
lq wkh srsxodwlrq1 D qxpehu ri uhdvrqv vxjjhvw ljqrulqj wklv sureohp1 Iluvw/
zh duh qrw uhdoo| lqwhuhvwhg lq wkh srsxodwlrq glvwulexwlrq ri xqrevhuyhg khwhur0
jhqhlw|> udwkhu zh duh lqwhuhvwhg rqo| lq wkh glvwulexwlrq iru wkrvh shrsoh zkr
hqwhu d sv|fkldwulf krvslwdo1 Jlyhq rxu lqwhuhvw/ li rxu vdpsoh frqvlvwhg rqo|
ri shrsoh zkrvh ?uvw krvslwdo vwd| zdv revhuyhg/ wkhuh zrxog eh qr frqvlvwhqf|
sureohp1 Zh zrxog eh vshfli|lqj wkh mrlqw glvwulexwlrq ri wkh vxesrsxodwlrq ri
lqwhuhvw1 Krzhyhu/ vlqfh pdq| ri wkh revhuydwlrqv duh plvvlqj wkh ?uvw krvslwdo
vwd|/ zh vx>hu wkh deryh phqwlrqhg sureohp hyhq iru rxu vxesrsxodwlrq ri lqwhu0
hvw1 Khfnpdq dqg Vlqjhu +4<;8/ s1;90;:, vxjjhvw d fruuhfwlrq wr wkh olnholkrrg
ixqfwlrq zklfk lv lpsohphqwhg wr vrph ghjuhh lq Julw} +4<<6,1 Exw prvw dxwkruv
zlwk vlplodu gdwd vwuxfwxuhv iroorz Khfnpdq dqg Vlqjhu +4<7;e, zkr vxjjhvw lj0
qrulqj wkh ?uvw ohiw0fhqvruhg hslvrgh6 ehfdxvh wkh fruuhfwlrq lqyroyhv hvwlpdwlqj
d qxpehu ri rwkhu sdudphwhuv wkdw duh qrw pxfk lqwhuhvw1
Zh gr frqvwuxfw/ krzhyhu/ dq hvwlpdwru wkdw frqwurov iru wkh h>hfw ri ohiw
fhqvrulqj vr wkdw zh fdq ghwhuplqh wkh lpsruwdqfh ri ohiw fhqvrulqj1 Ohw ￿ eh






wkh 3lqwdnh udwh4 dw wlph ￿ dv gh?qhg lq Khfnpdq dqg Vlqjhu +4<;7,1 Qrwh wkdw
6Vhh/ iru h{dpsoh/ Kdp dqg Uhd +4<;:,/ Eodqn +4<;<,/ Exwohu/ Dqghuvrq/ dqg Exunkdxvhu







￿￿ dqg 0S exw qrw fS
￿￿ dqg 0ß>w k l vl ve h f d x v hz hd u h
frqglwlrqlqj rq wkh shuvrq ehlqj lq wkh frppxqlw| dw wlph f/d q g￿ lv wkh ?uvw
wlph wkh| hqwhu wkh krvslwdo +lw lv gluhfwo| uhodwhg wr wkh frppxqlw| kd}dug udwh1




































































￿￿ dqg 0S rqo| wkurxjk 5S












































￿￿ E0S￿ lv h{solflwo| ghqrwhg dv d ixqfwlrq ri 0S vr wkdw lw lv fohdu zkhuh
ghshqghqfh rq uhdol}dwlrqv ri xqrevhuyhg khwhurjhqhlw| rffxuv1 Iroorzlqj Khfn0






ixqfwlrq lq wzr dujxphqwv/ ￿ dqg 5S
￿￿ E0S￿1
















ehwzhhq julg srlqwv1 Qrwh wkdw dq lqwhusrodwlrq vfkhph vkrxog
eh slfnhg wkdw doorzv iru hdv| lqwhjudwlrq1 Dovr qrwh wkdw dq| prqrwrqh wudqviru0
pdwlrq ri 5S











dw doo srlqwv kdv qr h>hfw rq htxdwlrq +61:,1 Ohw ￿4@  eh d ydoxh juhdwhu wkdq wkh
odujhvw ￿ lq wkh gdwd1 Ohw
V
W E￿ m 5
S￿’V
n Eh ￿ch 5
S￿ +61;,







4@  ￿ 5S
4￿?
( +61<,
;l1h1/ h ￿ dqg h 5S duh qrupdol}hg wr eh ehwzhhq f dqg ￿1I r u ￿& Ø h ￿ Ø ￿&n￿ dqg












5S’5, / Eh ￿ ￿ l￿ E￿￿c h 5S ￿ l5 E5S￿￿
+6143,
zkhuh Vn E￿c5S￿ duh sdudphwhuv wr eh hvwlpdwhg dw wkh ydoxhv zkhuh lw lv hydoxdwhg
lq htxdwlrq +6143, dqg / Eh ￿ ￿ l￿ E￿￿c h 5S ￿ l5 E5S￿￿ lv wkh zhljkwlqj ixqfwlrq xvhg
lq Eulhq/ Oloodug/ dqg Vwhuq +4<<;,=
/Eh ￿ ￿ l￿ E￿￿c h 5
S ￿ l5 E5
S￿￿ ’ mh ￿ ￿ l￿ E￿￿m
o mh 5
S ￿ l5 E5
S￿m
o +6144,
iru vrph srzhu o1Q r w hw k d w /
d, zkhq h ￿ lv d julg srlqw +ohw*v vd| ￿&,/ wkhq qhlwkhu Vn E￿&3￿c5S￿ qru VnE￿&n￿c5S￿
uhflhyhv dq| zhljkw +wklv lpsolhv wkdw Vn Eh ￿ch 5S￿ lv frqwlqxrxv dw julg olqhv dqg julg
srlqwv,>
e, li o Ł ￿/w k h qVnEh ￿ch 5S￿ lv gl>huhqwldeoh dw julg olqhv dqg julg srlqwv> dqg
f, li o￿2/w k h qVn Eh ￿ch 5S￿ kdv d ghulydwlyh erxqghg iurp }hur +doprvw dozd|v,
lq qhljkerukrrgv ri julg olqhv dqg julg srlqwv1
Wkxv zh slfn ￿ ￿o￿217
71 Uhvxowv
Wdeoh 8 suhvhqwv frh!flhqw hvwlpdwhv dvvxplqj wkhuh lv qr xqrevhuyhg khwhur0
jhqhlw|1 Wkh hvwlpdwhv phdvxuh krz wkh suhglfwhg orj kd}dug udwh fkdqjhv zlwk
wkh revhuyhg fkdudfwhulvwlf1 Iru h{dpsoh/ wkh orj kd}dug iru krvslwdo vwd|v lv
31584 kljkhu iru pduulhg shrsoh wkdq vlqjoh shrsoh> d pduulhg shuvrq ohdyhv wkh



















}f@}o $+h Æ ￿ ￿Æ +Æ,>h }f ￿ ￿} +}f,,
gh }fgh Æ=
Wklv lv lqihdvleoh wr hydoxdwh dqdo|wlfdoo|1 Lqvwhdg/ zh fdq frpsxwh Ø. +h Æ>h }f, ryhu d yhu|





}o Ø. +h Æ>h }f,gh }fgh Æ qxphulfdoo|, sulru wr hydoxdwlqj wkh olnholkrrg
ixqfwlrq1 Wklv lv d ?{hg frvw wkdw grhv qrw lqfuhdvh zlwk wkh vdpsoh vl}h1
<krvslwdo e%RifØ2D￿j +’￿ Ø2HD, wlphv idvwhu wkdq d vlqjoh shuvrq zlwk rwkhu vlplodu
fkdudfwhulvwlfv1
Iru krvslwdo vwd|v/ ghprjudsklf yduldeohv kdyh suhglfwhg dqg vljql?fdqw h>hfwv1
Lq sduwlfxodu/ ehlqj pdoh/ pduulhg/ |rxqjhu/ ru hpsor|hg lqfuhdvhv rqh*v kd}dug
udwh1 Ghprjudsklf yduldeohv dovr d>hfw frppxqlw| whqxuh lq suhglfwhg zd|v1 Lq
sduwlfxodu/ ehlqj vlqjoh ru qrw hpsor|hg lqfuhdvhv kd}dugv ri ehlqj uhdgplwwhg
lqwr wkh sv|fkldwulf krvslwdo/ zkloh ehlqj eodfn kdv d srvlwlyh exw lqvljql?fdqw
h>hfw rq wkh kd}dug1
Sv|fkldwulf gldjqrvhv kdyh suhglfwhg h>hfwv rq krvslwdo vwd| kd}dug udwhv1 Lq
sduwlfxodu/ wkh udqnlqj ri sv|fkldwulf gldjqrvhv/ xvlqj GHPHQWLD dv d edvh/ lv
zkdw zrxog eh h{shfwhg iurp folqlfdo h{shulhqfh dqg iurp wkh olwhudwxuh1 Wkh
gldjqrvwlf jurxsv zlwk wkh kljkhvw ulvn iru orqj lqsdwlhqw vwd|v lqfoxgh ghphqwld/
vfkl}r0d>hfwlyh/ sdudqrlg/ vfkl}rskuhqld/ dqg rujdqlf gldjqrvhv/ zlwk dofrkro/ vxe0
vwdqfh dexvh/ dqg dgmxvwphqw glvrughuv ehlqj glvfkdujhg wkh vrrqhvw1 Dowkrxjk
wkh gldjqrvwlf fodvvl?fdwlrq vfkhph gl>huhg vrphzkdw/ wklv lv vlplodu wr ?qglqjv
ri Ohjlqvnl hw1 do1 +4<<3,1 Iru vwdwh krvslwdo sdwlhqwv/ wkh| vkrzhg wkdw sdwlhqwv
gldjqrvhg zlwk rujdqlf ru vfkl}rskuhqlf glvrughuv kdyh wkh orqjhvw phgldq dqg
dyhudjh ohqjwk ri vwd|v zkloh sdwlhqwv zlwk dofrkro/ dqg zlwk vxevwdqfh dexvh
glvrughuv kdyh wkh vkruwhvw1 Zh dovr wulhg xvlqj wkh lqlwldo sv|fkldwulf gldjqrvlv
iurp wkh suhfhglqj krvslwdo vwd| wr khos h{sodlq frppxqlw| vwd| kd}dugv1 Wkh
wzhoyh frh!flhqwv zhuh mrlqwo| vljql?fdqw exw qr vlqjoh gldjqrvlv frh!flhqw kdg
d w0vwdwlvwlf juhdwhu wkdq 4 lq devroxwh ydoxh18
Wkhuh duh hljkw xquhsruwhg krvslwdo gxpplhv iru hdfk kd}dug ixqfwlrq1 Lq
erwk fdvhv/ wkh| duh vljql?fdqwo| gl>huhqw iurp hdfk rwkhu1 Wkh| duh qrw uhsruwhg
ehfdxvh zh gr qrw nqrz wkh lghqwlw| ri dq| sduwlfxodu krvslwdo1
Fkdudfwhulvwlfv ri wkh frxqw| ri uhvlghqfh ri wkh lqglylgxdo duh qrw dv khosixo
lq h{sodlqlqj kd}dug udwhv1 Wklv pd| rffxu ehfdxvh ri phdvxuhphqw huuru lq
wkh frxqw| yduldeohv1 Rqo| shufhqw ri frxqw| xuedq +FQW\0XUE, dqg d uxudo
gxpp| +FQW\0UXU, duh vljql?fdqw lq h{sodlqlqj krvslwdo vwd| kd}dugv/ dqg rqo|
shu fdslwd sdwlhqw fduh sv|fkldwulvwv +FQW\0SFSV\, lv vljql?fdqw lq h{sodlqlqj
frppxqlw| vwd| kd}dugv1 FQW\0SFSV\ kdv dq xqh{shfwhg srvlwlyh vljq1 Wklv
pd| vxjjhvw wkdw frppxqlwlhv zlwk uhodwlyho| pruh sv|fkldwulvwv pd| eh uhfhlylqj
pruh phqwdo khdowk fduh uhvxowlqj lq juhdwhu lghqwl?fdwlrq ri qhhg iru lqsdwlhqw
fduh1 Wklv frxog uhvxow lq hlwkhu dq lpsuryhphqw lq wkh txdolw| ri phqwdo khdowk
fduh zlwk dssursuldwh uhihuudo wr lqsdwlhqw fduh ru lq wkh ryhu0xwlol}dwlrq ri lq0
8Wkh| zhuh dovr mrlqwo| vljql?fdqw diwhu ehlqj jurxshg lqwr ?yh +lqvwhdg ri wkluwhhq, gldjqrvhv
exw zhuh vwloo hdfk vwdwlvwlfdoo| lqvljql?fdqw1
43sdwlhqw fduh1 Wklv zrxog eh frqvlvwhqw zlwk wkh k|srwkhvlv srvhg iru ixuwkhu
lqyhvwljdwlrq e| Ilvkhu/ hw1 do1 +4<<5, zkr vxjjhvwhg wkdw 3frpsuhkhqvlyh frp0
pxqlw| vhuylfh v|vwhpv/ zkhuh prvw sdwlhqwv kdyh fdvh pdqdjhuv dqg pdq| olyh
lq vrph irup ri uhvlghqwldo surjudp/ lghqwli| sdwlhqwv lq qhhg ri krvslwdol}dwlrq
pruh txlfno| dqg pruh riwhq wkdq gr wkrvh lq zklfk sdwlhqwv duh ohvv fduhixoo|
iroorzhg14 +sj1 6<3,1
Wkh rwkhu shuvrq0vshfl?f yduldeohv frqwuro iru suhylrxv h{shulhqfh1 Wkh ohqjwk
ri wkh odvw suhylrxv krvslwdo vwd| ghfuhdvhv wkh kd}dug lq wkh suhvhqw krvslwdo vwd|
dqg lqfuhdvhv wkh vxevhtxhqw frppxqlw| vwd| kd}dug1 Wkh qxpehu ri suhyl0
rxv krvslwdo vwd|v kdv vlplodu h>hfwv rq wkh krvslwdo vwd| dqg frppxqlw| vwd|
kd}dugv1 Wkhvh wzr frh!flhqwv pd| eh hvwlpdwlqj wuxh vwuxfwxudo h>hfwv +h1j1/
vshqglqj pruh wlph lq d sv|fkldwulf krvslwdo pdnhv rqh ghshqghqw xsrq wkh fduh
rqh uhfhlyhv lq d krvslwdo,1 Krzhyhu/ wkh| pd| dovr eh phdvxulqj wkh h>hfw
ri xqrevhuyhg khwhurjhqhlw| +h1j1/ vhyhulw| ri looqhvv, rq wkh kd}dugv1 Zh kdyh
ohiw wkhp lq wkh vshfl?fdwlrq ri wkh kd}dug ixqfwlrq ehfdxvh d, wkh| pd| wuxo|
kdyh d vwuxfwxudo frpsrqhqw wr wkhp dqg e, wkh| duh xvxdoo| dydlodeoh lq vlplodu
gdwd vhwv dqg fdq eh xvhg iru suhglfwlrq hyhq li wkh| uhsuhvhqw rqo| wkh h>hfw ri
xqrevhuyhg khwhurjhqhlw|1
OJVW dqg MDLO phdvxuh wkh h>hfw ri rqh*v vrxufh ri dgplvvlrq rq wkh kd}0
dugv1 Lq sduwlfxodu/ OJVW@4 li rqh hqwhuv wkh sv|fkldwulf krvslwdo lqyroxqwdulo|/
dqg OJVW@3 rwkhuzlvh1 Hqwhulqj lqyroxqwdulo| lqfuhdvhv wkh kd}dug udwh rxw ri
wkh krvslwdo exw kdv dq lqvljql?fdqw h>hfw rq wkh vxevhtxhqw frppxqlw| whqxuh1
MDLO@4 li rqh hqwhuv wkh krvslwdo iurp mdlo/ dqg MDLO@3 rwkhuzlvh1 Hqwhulqj wkh
krvslwdo iurp MDLO kdv d vpdoo/ srvlwlyh/ vwdwlvwlfdoo| vljql?fdqw h>hfw rq erwk
kd}dug udwhv1
Wkh odvw vhw ri sdudphwhuv lq Wdeoh 8 phdvxuh wkh h>hfw ri gxudwlrq ghshq0
ghqfh rq wkh kd}dug udwhv1 Wkhvh duh wkh VORSH frh!flhqwv dqg wkh VSLNH
frh!flhqwv1 Wkh VORSH frh!flhqwv/ gh?qhg dv wkh } frh!flhqwv lq htxdwlrq
+615, zlwk qrghv vshfl?hg lq qrwh +6, ri Wdeoh 8/ phdvxuh krz wkh vorsh ri wkh
kd}dug udwh fkdqjhv ryhu wlph1 Iru h{dpsoh/ iru krvslwdo vwd|v/ wkh orj kd}dug
udwh lqfuhdvhv e| 31448 shu gd| gxulqj wkh ?uvw zhhn/ ghfuhdvhv e| 3135: shu gd|
lq wkh vhfrqg zhhn/ lqfuhdvhv e| 31345 shu gd| lq wkh 6ug dqg 7wk zhhn/ dqg
wkhq vorzo| ghfolqhv wkhuhdiwhu19 Iru frppxqlw| whqxuh/ wkh kd}dug udwh ghfolqhv
vwhdglo| dw d ghfuhdvlqj udwh h{fhsw iru d vwdwlvwlfdoo| lqvljql?fdqw srvlwlyh vorsh
iru gd|v 65 wkurxjk 831
9Doo hslvrghv duh wuxqfdwhg e| wkh wlph iudph ri wkh gdwd1 Wkxv/ zh fdq pdnh qr vwdwhphqwv
derxw wkh kd}dug udwh eh|rqg wzr |hduv1
44W k hV S L N Hy d u l d e o h vd o o r zi r ug l v f u h w hm x p s vl qw k hk d } d u gu d w hd ws d u w l f x o d u
wlphv gxh wr wkh qdwxuh ri wkh krvslwdo vwd|1 Wkh FG0VSLNH yduldeoh phdvxuhv
wkh lqfuhdvh lq wkh orj kd}dug udwh dw wkh wlph zkhq rqh*v frpplwwhg gd|v hqg1
Wkh hvwlpdwh/ 81:<<1 lv yhu| odujh dqg vwdwlvwlfdoo| vljql?fdqw1 Wklv vxjjhvwv wkdw
frpplwwhg sdwlhqwv duh iuhtxhqwo| nhsw lq wkh krvslwdo xqwlo wkhlu frpplwwhg gd|v
hqg dqg wkhq wkh| duh glvfkdujhg1 Wkh WGR0VSLNH phdvxuhv wkh lqfuhdvh lq
wkh orj kd}dug gxulqj wkh ?uvw zhhn lq wkh krvslwdo iru sdwlhqwv hqwhuhg xqghu d
whpsrudu| ghwhqwlrq rughu1 Wkh whpsrudu| ghwhqwlrq rughu lv xvxdoo| rqo| iru
wkuhh gd|v1 Exw wkh WGR0VSLNH yduldeoh odvwv iru d zhhn wr fryhu WGR sdwlhqwv
zkr uhpdlq d ihz h{wud gd|v1 Wklv frh!flhqw/ 414<7/ lv dovr odujh dqg vwdwlvwlfdoo|
vljql?fdqw1
Wdeoh 9 phdvxuhv wkh vdph kd}dug udwhv exw doorzv iru xqfruuhodwhg/ xqre0
vhuyhg khwhurjhqhlw|1 Lq sduwlfxodu/ hdfk sdwlhqw lv dvvxphg wr kdyh wzr xqre0
vhuyhg huuruv/ rqh iru doo krvslwdo vwd|v dqg rqh iru doo frppxqlw| vwd|v/ wkdw d>hfw
hdfk kd}dug udwh dv vshfl?hg lq htxdwlrq +614,1 Dgglqj xqrevhuyhg khwhurjhqhlw|
grhv qrw fkdqjh wkh uhvxowv txdolwdwlyho| exw grhv fkdqjh vrph ri wkh txdqwlwdwlyh
uhvxowv1 Erwk xqrevhuyhg khwhurjhqhlw| vwdqgdug ghyldwlrq hvwlpdwhv +VLJPD,
duh vljql?fdqw dqg uhodwlyho| odujh1 Wkh dgglwlrq ri hdfk vwdqgdug ghyldwlrq
lpsuryhv wkh olnholkrrg ixqfwlrq vljql?fdqwo|1 Zh dovr hvwlpdwhg d fruuhodwlrq
ehwzhhq wkh wzr xqrevhuyhg khwhurjhqhlw| huuruv/ dqg irxqg lw wr eh vljql?fdqw
dw 031791 Wklv lv frqvlvwhqw zlwk xqrevhuyhg khwhurjhqhlw| fdswxulqj wkh h>hfwv
ri xqrevhuyhg vhyhulw|1 Wkh rwkhu sdudphwhu hvwlpdwhv fkdqjhg exw qrw vljql?0
fdqwo|1
Wdeohv : dqg ; surylgh hvwlpdwhv dvvrfldwhg zlwk doorzlqj iru fruuhodwhg xqre0
vhuyhg khwhurjhqhlw|1 Wkh ?uvw froxpq ri Wdeoh : surylghv hvwlpdwhv zkhq wkhuh
lv qr frqwuro iru ohiw fhqvrulqj/ dqg wkh vhfrqg froxpq frqwurov iru ohiw fhqvrulqj
dv ghvfulehg hduolhu1 Wdeoh ; surylghv hvwlpdwhv ri wkh Vn ixqfwlrq xvlqj d 6{6
julg v|vwhp1: Lq erwk fdvhv/ wkh hvwlpdwh ri wkh fruuhodwlrq ehwzhhq wkh wzr xq0
revhuyhg khwhurjhqhlw| huuruv lv qhjdwlyh +031797 dqg 0317;8 uhvshfwlyho|,1 Wklv
vxjjhvwv wkdw xqrevhuyhg khwhurjhqhlw| lv fdswxulqj/ dprqj rwkhu wklqjv/ looqhvv
vhyhulw|1 D vhyhuho| loo shuvrq zloo kdyh d odujh ydoxh ri xqrevhuyhg khwhurjhqhlw|
iru frppxqlw| vwd|v +lpso|lqj vkruw frppxqlw| vwd|v, dqg d vpdoo ydoxh ri xqre0
vhuyhg khwhurjhqhlw| iru krvslwdo vwd|v +lpso|lqj orqj krvslwdo vwd|v,1 Wkh rwkhu
sdudphwhu hvwlpdwhv fkdqjh wr vrph ghjuhh uhodwlyh wr hdfk rwkhu dqg uhodwlyh wr
doorzlqj rqo| xqfruuhodwhg xqrevhuyhg khwhurjhqhlw| +Wdeoh 9,1 Exw qr vljql?0
:Zh dovr h{shulphqwhg zlwk d 8{8 julg dqg irxqg olwwoh gl>huhqfh lq wkh sdudphwhu hvwlpdwhv
ri lqwhuhvw dorqj zlwk Ø. hvwlpdwhv phdvxuhg zlwk qr suhflvlrq dw doo1
45fdqw hvwlpdwhv fkdqjh vljqv/ dqg prvw gr qrw fkdqjh pdjqlwxgh1 Rqh vhhv lq
Wdeoh ; wkdw wkh hvwlpdwhv ri wkh Vn ixqfwlrq duh hvwlpdwhg yhu| lpsuhflvho| dqg
gr qrw vhhp wr iroorz dq| uhfrjql}deoh sdwwhuq1 Frpsdulvrq ri wkh wzr froxpqv
lq Wdeoh : vxjjhvwv wkdw ohiw fhqvrulqj lv qrw d vhulrxv lvvxh lq wkh vhqvh ri fdxvlqj
dv|pswrwlf eldv ri wkh sdudphwhu hvwlpdwhv ri lqwhuhvw1
Wkh vwdqgdug phwkrgv xvhg lq wkh sv|fkldwulf hslvrgh olwhudwxuh kdyh ehhq
uhjuhvvlrq/; Ndsodq0Phlhu hvwlpdwlrq/< dqg Fr{ +4<:5, uhjuhvvlrq143 Wkh h{lv0
whqfh ri fhqvrulqj dqg gxudwlrq ghshqghqfh pdnhv olqhdu uhjuhvvlrq lqdssursuldwh1
Ndsodq0Phlhu hvwlpdwlrq lv plvohdglqj lq wkdw d, yduldwlrq fdxvhg e| revhuyhg fr0
yduldwhv lv plvvhg/ dqg e, h>hfwv ri gxudwlrq ghshqghqfh dqg xqrevhuyhg khwhur0
jhqhlw| duh frqirxqghg1 Fr{ uhjuhvvlrq xvxdoo| ljqruhv xqrevhuyhg khwhurjhqhlw|
dqg lv wkxv lqdssursuldwh dw ohdvw lq wkh zd| lw lv sudfwlfhg1
Lw zdv ri vrph frqfhuq wr xv wkdw wkh WGR0VSLNH h>hfw pljkw ydu| dfurvv
shrsoh zlwk gl>huhqw ghprjudsklf fkdudfwhulvwlfv1 Zh whvwhg iru wklv e| hvwlpdw0
lqj d orjlw prgho xvlqj WGR sdwlhqwv zkhuh wkh ghshqghqw yduldeoh zdv htxdo wr 4
li wkh sdwlhqw glg qrw h{lw diwhu : gd|v dqg 3 rwkhuzlvh1 Wdeoh : vkrzv wkdw WGR
uhohdvh h>hfwv gr ydu| vljql?fdqwo| e| vh{ dqg hpsor|phqw vwdwxv1 Krzhyhu/ iru
sduvlprq|*v vdnh/ zh frqwlqxh wr xvh rqo| d vlqjoh WGR0VSLNH frh!flhqw1
Wkh prvw lqwxlwlyh zd| wr phdvxuh wkh h>hfwv ri gl>huhqw fkdudfwhulvwlfv rq
krvslwdo dqg frppxqlw| vwd|v lv wr judsk vxuylyru fxuyhv fruuhvsrqglqj wr htxd0
wlrq +618, iru Wdeoh 9 hvwlpdwhv1 Iljxuh 6 glvsod|v d edvh fdvh vxuylyru fxuyh iru
d frppxqlw| vwd|1 Wkh lqglylgxdo lv d zklwh/ vlqjoh / qrqzrunlqj/ 690|hdu0rog
pdoh iurp wkh dyhudjh frxqw| zlwk d vfkl}rskuhqlf gldjqrvlv/ dqg irxu suhylrxv
krvslwdo vwd|v/ wkh odvw ri zklfk zdv 7418 gd|v1 Iru h{dpsoh/ lw vkrzv wkdw wkh
suredelolw| ri vwloo uhpdlqlqj lq wkh frppxqlw| diwhu 433 gd|v lv derxw ;8( dqg
diwhu 533 gd|v lv derxw :;(1 Iru d eodfn shuvrq zlwk rwkhuzlvh vlplodu fkdu0
dfwhulvwlfv/ wkh 433 dqg 533 gd| vxuylyru suredelolwlhv duh derxw ;6( dqg :8(
uhvshfwlyho|1 Rq wkh rwkhu kdqg/ vwduwlqj iurp rxu edvh fdvh/ li wkh qxpehu ri
sdwlhqw fduh sv|fkldwulvwv lv grxeohg/ wkh 433 dqg 533 gd| vxuylyru suredelolwlhv
ghfolqh wr derxw ;7( dqg :9( uhvshfwlyho|1 Xvlqj hlwkhu wkh kd}dug udwh ru wkh
vxuylyru ixqfwlrq hvwlpdwhv/ rqh frxog dovr frpsxwh h{shfwhg ohqjwk ri d frp0
pxqlw| vwd|1 Krzhyhu/ jlyhq wkh hslvrgh wuxqfdwlrq uxoh lpsolhg e| rxu gdwd/
;Vhh/ iru h{dpsoh/ Irqwdqd dqg Grzgv +4<:8,/ Fdwrq +4<;5,/ Vfkxpdfkhu/ hw1 do1 +4<;9,/
Kruq/ hw1 do1 +4<;<,/ dqg Vwrvnrsi dqg Kruq +4<<4,1
<Vhh/ iru h{dpsoh/ Fdwrq/ hw1 do1 +4<;8,/ Juhhqkrxvh/ hw1 do1 +4<;<,/ Vwhyhqv dqg Kroolv
+4<;<,/ Exunh/ hw1 do1 +4<<3,/ dqg Ilvkhu/ hw1 do1 +4<<5,1
43Vhh/ iru h{dpsoh/ Vphudogl/ hw1 do/ +4<;6,/ Ohfnpdq/ hw1 do1 +4<;7,/ Nohupdq/ hw1 do1 +4<;8,/
Phulndqjdv/ hw1 do1 +4<;8,/ Vlhjdo/ hw1 do1 +4<;9,/ dqg Ohrq/ hw1 do1 +4<<3,1
46rxu vxuylyru ixqfwlrqv eh|rqg 943 gd|v duh edvlfdoo| edvhg rq dq dvvxpswlrq ri
ixqfwlrqdo irup1 Vlqfh wkh vxuylyru suredelolwlhv duh vwloo uhodwlyho| kljk dw wklv
wuxqfdwlrq srlqw/ h{shfwhg hslvrgh ohqjwk fdofxodwlrqv duh qrw yhu| phdqlqjixo1
Iljxuh 7 judskv vxuylyru fxuyhv iru krvslwdo vwd|v1 Xvlqj wkh vdph edvh fdvh
ghvfulehg deryh/ zh revhuyh 83/ 433/ dqg 533 gd| vxuylyru suredelolwlhv 78(/ 63(/
dqg 9( uhvshfwlyho|1 D eodfn/ rwkhuzlvh vlplodu shuvrq kdv vxuylyru suredelolwlhv
yhu| vlplodu wr wkh edvh lqglylgxdo1 D uxudo/ zklwh/ rwkhuzlvh vlplodu shuvrq kdv
vxuylyru suredelolwlhv ri 88(/ 73(/ dqg 5;( uhvshfwlyho|1
U x u d of r x q w l h vk d y hg l >huhqw rwkhu frxqw| fkdudfwhulvwlfv wkdq qrquxudo frxq0
wlhv1 Iljxuh 8 frpsduhv wkh vxuylyru suredelolwlhv iru dq lqglylgxdo zlwk wkh vdph
shuvrqdo fkdudfwhulvwlfv dv wkh edvh fdvh ghvfulehg deryh olylqj lq wkh dyhudjh ux0
udo frxqw| wr wkh vdph lqglylgxdo olylqj lq wkh dyhudjh qrquxudo frxqw|1 Lq idfw/
rwkhu gl>huhqfhv lq frxqw| fkdudfwhulvwlfv pryh wkh wzr vxuylyru fxuyhv forvhu wr0
jhwkhu1 Lw vkrxog eh qrwhg wkrxjk wkdw wklv h{huflvh lv qrw yhu| suhflvh ehfdxvh
lw uholhv xsrq d vhw ri hvwlpdwhv zklfk zhuh qrw suhflvho| hvwlpdwhg1
81 Frqfoxvlrqv
Wklv sdshu kdv ghprqvwudwhg wkh ydoxh ri lqfoxglqj revhuyhg fryduldwhv/ gxudwlrq
ghshqghqfh/ dqg xqrevhuyhg khwhurjhqhlw| lq d vxuylydo prgho ri sv|fkldwulf krv0
slwdo dqg frppxqlw| vwd|v1 Lq sduwlfxodu uhjuhvvlrq dqdo|vlv zrxog kdyh ehhq
lqdssursuldwh ehfdxvh d, wkhuh lv fhqvrulqj/ dqg e, wkhuh lv qrqwulyldo gxudwlrq
ghshqghqfh1 Ndsodq0Phlhu hvwlpdwlrq lv gh?flhqw ehfdxvh ri vljql?fdqw frydul0
dwhv dqg xqrevhuyhg khwhurjhqhlw|1 Fr{ uhjuhvvlrq zrxog eh kdug wr lpsohphqw
ehfdxvh ri xqrevhuyhg khwhurjhqhlw|1
Zh ?qg wkdw vh{/ pdulwdo vwdwxv/ hpsor|phqw vwdwxv/ gldjqrvlv/ djh/ frpplwwhg
gd|v/ dqg xuedq2uxudo frghv khos h{sodlq krvslwdo vwd| ohqjwkv/ dqg wkdw pdulwdo
vwdwxv/ hpsor|phqw vwdwxv/ dqg vrph frxqw| phglfdo uhvrxufhv phdvxuhv khos
h{sodlq frppxqlw| whqxuh1 Suhylrxv klvwru| khosv h{sodlq erwk vwd| ohqjwkv1
W k h u hl vv l j q l ?fdqw hylghqfh ri lqwhuhvwlqj gxudwlrq ghshqghqfh dqg ri xqrevhuyhg
khwhurjhqhlw|1
Uhihuhqfhv
^4‘ Eodqn/ U1 +4<;<,1 3Dqdo|}lqj wkh Ohqjwk ri Zhoiduh Vshoov14
Mrxuqdo ri Sxeolf Hfrqrplfv1 6<= 578055:61
47^5‘ Eulhq/ P1/ O1 Oloodug/ dqg V1 Vwhuq +4<<;,1 3Frkdelwdwlrq/ Pduuldjh/ dqg
G l y r u f hl qdP r g h or iP d w f kT x d o l w | 1 4 Xqsxeolvkhg pdqxvfulsw1
^6‘ Exunh/ N1/ M1 Exunh/ G1 Uhjlhu dqg G1 Udh +4<<3,1 3Djh dw Rq0
vhw ri Vhohfwhg Phqwdo Glvrughuv lq Ilyh Frppxqlw| Srsxodwlrqv14
Dufklyhv ri Jhqhudo Sv|fkldwu|1 7:= 844084;1
^7‘ Exwohu/ M1/ N1 Dqghuvrq/ dqg U1 Exunkdxvhu +4<;<,1 3Zrun dqg Khdowk Diwhu
Uhwluhphqw= D Frpshwlqj Ulvnv Prgho zlwk Vhplsdudphwulf Xqrevhuyhg
Khwhurjhqhlw|14 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv1B =7 9 0 8 6 1
^8‘ Fdwrq/ F1 +4<;5,1 3H>hfw ri Ohqjwk ri Lqsdwlhqw Wuhdwphqw iru Fkurqlf
Vfkl}rskuhqld14 Dphulfdq Mrxuqdo ri Sv|fkldwu|1 46<= ;890;941
^9‘ Fdwrq/ F1/ V1 Nrk/ M1 Iohlvv/ V1 Eduurz/ dqg M1 Jrog0
vwhlq +4<;8,1 3Uhkrvslwdol}dwlrq lq Fkurqlf Vfkl}rskuhqld14
Wkh Mrxuqdo ri Qhuyrxv dqg Phqwdo Glvrughuv1 4:6+6,= 46<047;1
^:‘ Ilvkhu/ Z1 K1/ M1 O1 Jhoohu/ I1 Dowd>hu/ dqg P1 E1 Ehqqhww +4<<5,1 3Wkh
Uhodwlrqvkls Ehwzhhq Frppxqlw| Uhvrxufhv dqg Vwdwh Krvslwdo Uhflglylvp14
Dphulfdq Mrxuqdo ri Sv|fkldwu|1 47<+6,= 6;806<31
^;‘ Irqwdqd/ D1 dqg E1 Grzgv +4<:8,1 3Dvvhvvlqj Wuhdwphqw Rxwfrph14
Mrxuqdo ri Qhuyrxv dqg Phqwdo Glvhdvh1 B= 564056;1
^<‘ Juhhqkrxvh/ M1/ G1 Vwdqjo/ dqg M1 Eurpehuj +4<;<,1 3Dq Lqwurgxfwlrq wr
Vxuylydo Dqdo|vlv= Vwdwlvwlfdo Phwkrgv iru Dqdo|vlv ri Folqlfdo Wuldo Gdwd14
Mrxuqdo ri Frqvxowlqj dqg Folqlfdo Sv|fkrorj|1 8:+7,= 86908771
^43‘ Julw}/ U1 +4<<6,1 3Wkh Lpsdfw ri Wudlqlqj rq wkh Iuhtxhqf| dqg Gxudwlrq ri
Hpsor|phqw14 Mrxuqdo ri Hfrqrphwulfv1 8:= 540841
^44‘ Jxqghuvrq/ P1 dqg D1 Pholqr +4<<3,1 3Wkh H>hfwv ri Sxeolf Srolf| rq Vwulnh
Gxudwlrq14 Mrxuqdo ri Oderu Hfrqrplfv1 ;+6,= 5<806491
^45‘ Kdp/ M1 dqg V1 Uhd +4<;:,1 3Xqhpsor|phqw Lqvxudqfh dqg Pdoh Xqhpsor|0
phqw Gxudwlrq lq Fdqdgd14 Mrxuqdo ri Oderu Hfrqrplfv1 8+6,= 65806861
^46‘ Khfnpdq/ M1 dqg E1 Vlqjhu +4<;7d,1 3D Phwkrg iru Plqlpl}lqj wkh Lpsdfw
ri Glvwulexwlrqdo Dvvxpswlrqv lq Hfrqrphwulf Prghov iru Gxudwlrq Gdwd14
Hfrqrphwulfd1 85+5,= 5:406531
48^47‘ Khfnpdq/ M1 dqg E1 Vlqjhu +4<;8,1 3Vrfldo Vflhqfh Gxudwlrq Dqdo|vlv14
lq Orqjlwxglqdo Dqdo|vlv ri Oderu Pdunhw Gdwd1+ h g v 1 ,M 1K h f n p d qd q gE 1
Vlqjhu1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1
^48‘ Kruq/ V1/ D1 Fkdpehuv/ S1 Vkdunh|/ dqg U1 Kruq +4<;<,1 3Sv|fkldwulf Vhyhulw|
ri Looqhvv14 Phglfdo Fduh1 5:+4,= 9<0;61
^49‘ Mrkqvrq Z1 dqg M1 Rqgulfk +4<<3,1 3Wkh Gxudwlrq ri Srvw0Lqmxu| Devhqfhv
Iurp Zrun14 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv1 B= 8:;08;91
^4:‘ Odqfdvwhu/ W1 +4<<3,1 Wkh Hfrqrphwulf Dqdo|vlv ri Wudqvlwlrq Gdwd1F d p 0
eulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1
^4;‘ Nohupdq/ F1/ S1 Odyrul/ M1 Ulfh/ W1 Uhlfk/ M1 Hqglfrww/ Q1 Dqguhdvhq/ P1
Nhoohu/ dqg U1 Kluvfk?hog +4<;8,1 3Eluwk0Frkruw Wuhqgv lq Udwhv ri Pdmru
Ghsuhvvlrq Glvrughu Dprqj Uhodwlyhv ri Sdwlhqwv zlwk D>hfwlyh Glvrughu14
Dufklyhv ri Jhqhudo Sv|fkldwu|1 75= 9;<09<61
^4<‘ Ohfnpdq/ M1/ P1 Zhlvvpdq/ E1 Suxvr>/ N1 Fduxvr/ N1 Phulndq0
jdv/ G1 Sdxov/ dqg N1 Nlgg +4<;7,1 3Vxew|shv ri Ghsuhvvlrq14
Dufklyhv ri Jhqhudo Sv|fkldwu|1 74= ;660;6;1
^53‘ Ohjlqvnl/ Z1D1/ U1 Z1 Pdqghuvkhlg/ dqg S1U1 Khqghuvrq +4<<3,1 3Sdwlhqwv
Vhuyhg lq Vwdwh Phqwdo Krvslwdov= Uhvxowv iurp d Orqjlwxglqdo Gdwd Edvh/4
lq QLPK/ Phqwdo Khdowk/ Xqlwhg Vwdwhv 4<<31U 1Z 1P d q g h u v f k h l g /d q gP 1
D1 Vrqqhqvfkhlq/ hgv1/ GKKV Sxe1 Qr1 +DGP,<304:3;1 Zdvklqjwrq/ G1F1=
Vxsw1 ri Grfxphqwv/ X1V1 Jryhuqphqw Sulqwlqj R!fh1
^ 5 4 ‘O h r q /D 1 /U 1I u l h g p d q /M 1V z h h q h | /U 1E u r z q /d q gM 1P d q q+ 4 < < 3 , 13Vwdwlv0
wlfdo Lvvxhv lq wkh Lghqwl?fdwlrq ri Ulvn Idfwruv iru Vxlflgdo Ehkdylru= Wkh
Dssolfdwlrq ri Vxuylydo Dqdo|vlv14 Sv|fkldwu| Uhvhdufk1 64= <<043;1
^55‘ Oloodug/ O1 +4<<6,1 3Vlpxowdqhrxv Htxdwlrqv iru Kd}dugv= Pduuldjh Gxudwlrq
dqg Ihuwlolw| Wlplqj14 Mrxuqdo ri Hfrqrphwulfv1 89= 4;<054:1
^56‘ Phulndqjdv/ N1/ P1 Zhlvvpdq dqg G1 Sdxov +4<;8,1 3Jhqhwlf Idfwruv lq wkh
Vh{ Udwlr ri Pdmru Ghsuhvvlrq14 Sv|fkrorjlfdo Phglflqh1 48= 9609<1
^57‘ Ph|hu/ E1 +4<<3,1 3Xqhpsor|phqw Lqvxudqfh dqg Xqhpsor|phqw Vshoov14
Hfrqrphwulfd1 8;+7,= :8:0:;51
49^58‘ Uhglfn/ Ulfkdug Z1/ Plfkdho M1 Zlwnlq/ Mrdqqh H1 Dwd|/ dqg
Urqdog Z1 Pdqghuvfkhlg +4<<9,1 3Kljkoljkwv ri Rujdql}hg Phqwdo
Khdowk Vhuylfhv lq 4<<5 dqg Pdmru Qdwlrqdo dqg Vwdwh Wuhqgv14 lq
Phqwdo Khdowk/ Xqlwhg Vwdwhv/ 4<<9/ U1 Z1 Pdqghuvfkhlg dqg P1 D1 Vrqqhq0
vfkhlq/ Fhqwhu iru Phqwdo Khdowk Vhuylfhv/ GKKV/ Sxe1 Qr1 +VPD,<9063<;/
Zdvklqjwrq/ G1F1= Vxsw1 ri Grfxphqwv1/ X1V1 Jryw1 Sulqwlqj R!fh1
^59‘ Urvhqvwhlq/ P1 M1/ O1 M1 Plod}}r0Vd|uh/ dqg U1 Z1 Pdqghuvfkhlg +4<<3,1
3Fkdudfwhulvwlfv ri Shuvrqv Xvlqj Vshfldow| Lqsdwlhqw/ Rxwsdwlhqw/ dqg Sdu0
wldo Fduh Surjudpv lq 4<;9/4 lq QLPK/ Phqwdo Khdowk/ Xqlwhg Vwdwhv 4<<31
U1 Z1 Pdqghuvfkhlg/ dqg P1D1 Vrqqhqvfkhlq/ hgv1/ GKKV Sxe1 Qr1
+DGP,<304:3;1 Zdvklqjwrq/ G1F1= Vxsw1 ri Grfxphqwv/ X1V1 Jryhuqphqw
Sulqwlqj R!fh1
^5:‘ Vfkxpdfkhu/ G1/ P1 Qdphurz/ E1 Sdunhu/ S1 Ir{/ dqg Y1 Nr?h
+4<;9,1 3Survshfwlyh Sd|phqw iru Sv|fkldwu| 0 Ihdvlelolw| dqg Lpsdfw14
Qhz Hqjodqg Mrxuqdo ri Phglflqh1 648+54,= 4664046691
^5;‘ Vlhjho/ F1/ P1 Doh{dqghu/ V1 Olq/ dqg H1 Odvnd +4<;9,1 3Dq Dowhuqdwlyh wr
GUJv14 Phglfdo Fduh1 57+8,= 73:074:1
^5<‘ Vphudogl/ H1/ P1 Jdvshulql/ I1 Pdffldugl/ F1 Exvvrohql/ dqg D1 Prudelwr
+4<;6,1 3Idfwruv D>hfwlqj wkh Glvwulexwlrq ri Djh dw Rqvhw lq Sdwlhqwv zlwk
D>hfwlyh Glvrughuv14 Mrxuqdo ri Sv|fkldwulf Uhvhdufk1 4:+6,= 63<064:1
^63‘ Vwhyhqv/ Y1 dqg M1 Kroolv +4<;<,1 3Suhyhqwlqj Vprnlqj Uh0
odsvh/ Xvlqj dq Lqglylgxdoo| Wdloruhg Vnloov0Wudlqlqj Whfkqltxh14
Mrxuqdo ri Frqvxowlqj dqg Folqlfdo Sv|fkrorj|1 8:+6,= 75307571
^64‘ Vwrvnrsi/ F1 dqg V1 Kruq +4<<4,1 3Wkh Frpsxwhul}hg Sv|fkldwulf Vhyhulw|




Krvslwdo Vwd|v Frppxqlw| Vwd|v
Fdxvh & Rev Orvw Fxpxodwlyh & Rev Orvw Fxpxodwlyh
Udfh 43: 43: <8 <8
Pdulwdo Vwdwxv 53: 647 4:9 5:4
Frxqw| Frgh 5 649 9;3 <84
Ohjdo Vwdwxv 6 64< 6 <87
Gldjqrvlv :83 439< 46: 43<4
Hpsor|phqw Vwdwxv 858 48<7 75; 484<
4;Wdeoh 5
Ghshqghqw Yduldeoh Vdpsoh Vl}hv
Krvslwdo Vwd|v Frppxqlw| Vwd|v
Zlwkrxw Fhqvrulqj 7;<: 43<:
Uljkw Fhqvruhg :98 6:33
Wrwdo 8995 7:<:
Phdq Hslvrgh Ohqjwk +gd|v, 741: 47316
4<Wdeoh 6
Yduldeoh Qdph Gh?qlwlrqv
EODFN Lqglylgxdo lv eodfn
IHPDOH Lqglylgxdo lv ihpdoh
PDUU\ Lqglylgxdo lv pduulhg
DJH Lqglylgxdo*v djh
HPSOR\ Lqglylgxdo lv hpsor|hg
GHPHQWLD Lqglylgxdo gldjqrvlv lv ghphqwld
VXEVWDEX Lqglylgxdo gldjqrvlv lv vxevwdqfh dexvh
DOFRKRO Lqglylgxdo gldjqrvlv lv dofrkro dexvh
RUJDQLF Lqglylgxdo gldjqrvlv lv rujdqlf
VFKL] Lqglylgxdo gldjqrvlv lv vfkl}rskuhqld
VFKL]DII Lqglylgxdo gldjqrvlv lv vfkl}rskuhqld d>hfw
SDUDQRLG Lqglylgxdo gldjqrvlv lv sdudqrlg
RWK0SV\WLF Lqglylgxdo gldjqrvlv lv rwkhu sv|fkrwlf
ELSRODU Lqglylgxdo gldjqrvlv lv elsrodu
GHSUHVV Lqglylgxdo gldjqrvlv lvghsuhvvlrq
SHUVQOW\ Lqglylgxdo gldjqrvlv lv shuvrqdolw|
DGMXVW Lqglylgxdo gldjqrvlv lv dgmxvwphqw
RWKHU Lqglylgxdo gldjqrvlv lv rwkhu
F R P P G \ V W k hq x p e h ur if r p p l w w h gg d | v
OQSVS Lqglylgxdo*v orqjhvw suhylrxv krvslwdo vwd|
QKVSV Lqglylgxdo*v qxpehu ri suhylrxv krvslwdo vwd|v
OJVW Lqglylgxdo hqwhuhg wkh krvslwdo lqyroxqwdulo|
FQW\0PG Shu0fdslwd phglfdo grfwruv lq frxqw|2flw|
FQW\0SFSV\ Shu0fdslwd sdwlhqw fduh sv|fkldwulvwv lq frxqw|2flw|
FQW\0UQ Shu0fdslwd uq*v lq frxqw|2flw|
FQW\0OSQ Shu0fdslwd osq*v lq frxqw|2flw|
FQW\0OWSK Shu0fdslwd orqj whup sv|fkldwulf krvslwdov lq frxqw|2flw|
FQW\0JK Jhqhudo krvslwdov lq frxqw|2flw|
FQW\0DHGX Phgldq hgxfdwlrq lq frxqw|2flw|
FQW\0SFL Shu0fdslwd lqfrph lq frxqw|2flw|
FQW\0XUE Shufhqw ri frxqw|2flw| zklfk lv xuedq
FQW\0UXU Frxqw|2flw| uxudo
FQW\0EON Shufhqw ri frxqw|2flw| zklfk lv eodfn
FQW\0MDLO Shufhqw ri frxqw|2flw| lq mdlo
53Wdeoh 7
H{sodqdwru| Yduldeohv
Krvslwdo Vwd|v Frppxqlw| Vwd|v
Yduldeoh Phdq Vwg Ghy Phdq Vwg Ghy
EODFN 316: 317; 316; 317;
IHPDOH 3169 317; 3167 317:
PDUU\ 314: 316: 314; 316;
DJH 6:178 461<8 69143 45187
HPSOR\ 3146 3167 3147 3168
GHPHQWLD 3136 314: 3135 3146
VXEVWDEX 3138 3154 313< 315;
DOFRKRO 3144 3165 3148 3168
RUJDQLF 3138 3155 3138 3155
VFKL] 314< 316< 3148 3169
VFKL]DII 313: 3159 3143 3163
SDUDQRLG 3134 313: 3134 313;
RWK0SV\WLF 313: 3159 3137 3154
ELSRODU 3145 3165 3145 3166
GHSUHVV 3143 3164 313; 315:
SHUVQOW\ 3135 3148 3135 3147
DGMXVW 313; 315; 3147 3168
RWKHU 3143 3163 3137 3153
OQSVS 66194 79148
QKVSV 61;5 8164 61:< 8199
OJVW 31;3 3173 31:< 3173
FQW\0PG 314: 3149 314; 3149
FQW\0SFSV\ 3134 3134 3134 3134
54Wdeoh 7 +frqwlqxhg,
Krvslwdo Vwd|v Frppxqlw| Vwd|v
Yduldeoh Phdq Vwg Ghy Phdq Vwg Ghy
FQW\0UQ 3174 3155 3173 3155
FQW\0OSQ 314< 313< 314< 3143
FQW\0OWSK 3147 3168 3153 3173
FQW\0JK 41<: 51:6 41<: 51;7
FQW\0DHGX 414< 3145 414< 3145
FQW\0SFL 4:137 71;9 491;; 7193
FQW\0XUE 3187 316< 3187 316;
FQW\0UXU 3168 317; 3167 317:
FQW\0EON 3154 3149 3156 314:
FQW\0MDLO 313: 314< 313; 3153
55Wdeoh 8
Hvwlpdwlrq Uhvxowv zlwk Qr Xqrevhuyhg Khwhurjhqhlw|
Yduldeoh Krvs Vwd| Frpp Vwd| Yduldeoh Krvs Vwd| Frpp Vwd|
EODFN 31359 313<4 FQW\0PG 031555 04148<
+31364, +31398, +3168<, +31;83,
IHPDOH 03144<-- 31375 FQW\0SFSV\ 817;4 541866--
+3135<, +3139:, +61:<3, +;1849,
PDUU\ 31584-- 03155;-- FQW\0UQ 3137< 3195<-
+3136;, +313<3, +31458, +31683,
DJH2433 041833-- 0316;3 FQW\0OSQ 31553 318;5--
+313:<, +3157;, +3155<, +31879,
HPSOR\ 31665-- 031585-- FQW\0OWSK 0313:4 31476
+31374, +313<;, +313:3, +3147:,
GHPHQWLD 31333 FQW\0JK 031344 31335
+31344, +31356,
VFKL]DII 31968-- FQW\0DHGX 031787- 3185;
+314;6, +31539, +31779,
SDUDQRLG 31975- FQW\0SFL 31337 31335
+315<4, +31337, +31345,
VFKL] 31993-- FQW\0XUE 03168<-- 314;3
+314:9, +31<;8, +31565,
RUJDQLF 31997-- FQW\0UXU 031587-- 313:7
+314;5, +31384, +3146;,
RWK0SV\WLF 31;67-- FQW\0EON 313<8 03158;
+314:<, +3144:, +31598,
ELSRODU 31;73-- FQW\0MDLO 0313<6 31485
+314::, +313:<, +31535,
SHUVQOW\ 31<;7-- MDLO 31379-- 3134;--
+314<3, +31369, +31339,
GHSUHVV 41348-- VORSH04 31448-- 031447--
+314:;, +31346, +3135:,
56Wdeoh 8 +frqwlqxhg,
VXEVWDEX 4158<-- VORSH05 03136:-- 031353
+314;5, +3133;, +31355,
DGMXVW 4167<-- VORSH06 31345-- 031364--
+314:;, +31337, +31344,
DOFRKRO 4197;-- VORSH07 031354-- 031335
+314:6, +31338, +31343,
RWKHU 414:3-- VORSH08 03135;-- 031349
+314:9, +3133;, +31348,
OQSVS2433 313:9-- VORSH09 031337-- 031338--
+31363, +31333, +31333,
QKVSV 031444-- 31398-- FG0VSLNH 81:<<--
+31376, +31338, +31686,
FRPPG\V2433 031;3:-- WGR0VSLNH 414<7--
+315<5, +3138<,
OJVW 315<6-- 3144: Orj Olnkg 054<3713 0:;4513
+31378, +314<7,
Qrwhv=
4, Lwhpv lq sduhqwkhvhv duh vwdqgdug huuruv1 Vlqjoh vwduuhg lwhpv duh vljql?0
fdqw dw wkh 43( ohyho/ dqg grxeoh vwduuhg lwhpv duh vljql?fdqw dw wkh 8( ohyho1
5, Wkhuh duh 8995 sv|fkldwulf krvslwdo vwd|v dqg 7:<: frppxqlw| vwd|v1 Vhh
Wdeoh 4 iru wkh glvwulexwlrq ri fhqvruhg hslvrghv1
6, Vorshv= +4 iru ?uvw : gd|v> 5 iru gd|v ;048> 6 iru gd|v 49064> 7 iru gd|v
65083> 8 iru gd|v 84093> 9 iru gd|v diwhu 93,1
7, Wkhuh duh ; krvslwdo gxpplhv iru hdfk htxdwlrq zkrvh frh!flhqwv duh qrw
uhsruwhg wr vdyh vsdfh1 Lq jhqhudo/ wkh| duh qrw vljql?fdqwo| gl>huhqw iurp hdfk
rwkhu lq hlwkhu htxdwlrq1
8, GHPHQWLD lv vhw htxdo wr 313/ dqg wkh frh!flhqwv rq rwkhu gldjqrvhv lq
wkh krvslwdo htxdwlrq vkrxog eh lqwhusuhwhg dv wkh h>hfw ri wkdw gldjqrvlv uhodwlyh
wr ghphqwld1
9, Gldjqrvlv yduldeohv duh mrlqwo| vljql?fdqw +dw wkh 8( ohyho, lq wkh frppxqlw|
whqxuh htxdwlrq1 Exw qr vlqjoh gldjqrvlv frh!flhqw kdv d w0vwdwlvwlf juhdwhu wkdq
4 lq devroxwh ydoxh1
57Wdeoh 9
Hvwlpdwlrq Uhvxowv zlwk Xqfruuhodwhg Xqrevhuyhg Khwhurjhqhlw|
Yduldeoh Krvs Vwd| Frpp Vwd| Yduldeoh Krvs Vwd| Frpp Vwd|
EODFN 31358 31453 FQW\0PG 031567 031<36
+31375, +313:<, +3179<, +31<;7,
IHPDOH 031458-- 31335 FQW\0SFSV\ 91689 4;16:3--
+3136<, +313:<, +71<:;, +<1<47,
PDUU\ 315<:-- 031635-- FQW\0UQ 31375 3196;-
+31848, +31438, +3149<, +31735,
DJH2433 041;<3-- 31339 FQW\0OSQ 31664 318<6
+31463, +31633, +315<;, +3194:,
HPSOR\ 31735-- 031635-- FQW\0OWSK 031394 3153:
+31389, +3143<, +313<6, +3149<,
GHPHQWLD 31333 FQW\0JK 03134: 03133<
+31347, +3135;,
SDUDQRLG 319<; FQW\0DHGX 031:74-- 315:5
+31659, +31645, +31857,
VFKL]DII 31:49-- FQW\0SFL 31339 31337
+3153:, +3133:, +31348,
VFKL] 31:86-- FQW\0XUE 03175<-- 314::
+314<;, +31465, +31597,
RUJDQLF 31:<:-- FQW\0UXU 031653-- 31377
+31538, +3139<, +31489,
ELSRODU 31<76-- FQW\0EON 31357 0316:3
+31534, +3148<, +315<;,
RWK0SV\WLF 31<::-- FQW\0MDLO 03136; 313::
+31537, +31444, +31565,
GHSUHVV 414<7-- MDLO 31394-- 31348-
+31536, +31338, +3133;,
SHUVQOW\ 4154:-- VORSH04 31486-- 031443--
+31553, +31346, +3135;,
VXEVWDEX 41838-- VORSH05 31358-- 03134:
+3153<, +3133<, +31355,
58Wdeoh 9 +frqwlqxhg,
DGMXVW 4194:-- VORSH06 031357-- 03135;--
+31537, +31338, +31344,
DOFRKRO 41<7:-- VORSH07 031348-- 31336
+31533, +31338, +31343,
RWKHU 41743-- VORSH08 031353-- 031346
+31536, +3133<, +31348,
OQSVS2433 3146:-- VORSH09 031335-- 031337--
+31386, +31333, +31334,
QKVSV 0314:6-- 31369-- FG0VSLNH 41:84--
+31388, +31334, +3139;,
FRPPG\V2433 041589-- WGR0VSLNH 31534--
+316:6, +31383,
OJVW 31696-- 3145< VLJPD 31:74-- 41385--
+3138:, +31439, +31396, +31436,
Orj Olnkg 054;915 0::<415
Qrwhv=
4, Lwhpv lq sduhqwkhvhv duh vwdqgdug huuruv1 Vlqjoh vwduuhg lwhpv duh vljql?0
fdqw dw wkh 43( ohyho/ dqg grxeoh vwduuhg lwhpv duh vljql?fdqw dw wkh 8( ohyho1
5, Wkhuh duh 8995 sv|fkldwulf krvslwdo vwd|v dqg 7:<: frppxqlw| vwd|v1 Vhh
Wdeoh 4 iru wkh glvwulexwlrq ri fhqvruhg hslvrghv1
6, Vorshv= +4 iru ?uvw : gd|v> 5 iru gd|v ;048> 6 iru gd|v 49064> 7 iru gd|v
65083> 8 iru gd|v 84093> 9 iru gd|v diwhu 93,1
7, Wkhuh duh ; krvslwdo gxpplhv iru hdfk htxdwlrq zkrvh frh!flhqwv duh qrw
uhsruwhg wr vdyh vsdfh1 Lq jhqhudo/ wkh| duh qrw vljql?fdqwo| gl>huhqw iurp hdfk
rwkhu lq hlwkhu htxdwlrq1
8, GHPHQWLD lv vhw htxdo wr 313/ dqg wkh frh!flhqwv rq rwkhu gldjqrvhv lq
wkh krvslwdo htxdwlrq vkrxog eh lqwhusuhwhg dv wkh h>hfw ri wkdw gldjqrvlv uhodwlyh
wr ghphqwld1
59Wdeoh :






































































































































































































































































































































































4, Lwhpv lq sduhqwkhvhv duh vwdqgdug huuruv1 Vlqjoh vwduuhg lwhpv duh vljql?0
fdqw dw wkh 43( ohyho/ dqg grxeoh vwduuhg lwhpv duh vljql?fdqw dw wkh 8( ohyho1
5, Wkhuh duh 8995 sv|fkldwulf krvslwdo vwd|v dqg 7:<: frppxqlw| vwd|v1 Vhh
Wdeoh 4 iru wkh glvwulexwlrq ri fhqvruhg hslvrghv1
6, Vorshv= +4 iru ?uvw : gd|v> 5 iru gd|v ;048> 6 iru gd|v 49064> 7 iru gd|v
65083> 8 iru gd|v 84093> 9 iru gd|v diwhu 93,1
7, Wkhuh duh ; krvslwdo gxpplhv iru hdfk htxdwlrq zkrvh frh!flhqwv duh qrw
uhsruwhg wr vdyh vsdfh1 Lq jhqhudo/ wkh| duh qrw vljql?fdqwo| gl>huhqw iurp hdfk
rwkhu lq hlwkhu htxdwlrq1
8, GHPHQWLD lv vhw htxdo wr 313/ dqg wkh frh!flhqwv rq rwkhu gldjqrvhv lq
wkh krvslwdo htxdwlrq vkrxog eh lqwhusuhwhg dv wkh h>hfw ri wkdw gldjqrvlv uhodwlyh
wr ghphqwld1
63Wdeoh ;
Ohiw Fhqvrulqj Qrgh Hvwlpdwhv Vn E￿c￿￿





















WGR Frpplwwdo Orjlw Hvwlpdwhv








4, Wkhuh duh 4748 revhuydwlrqv1
5, Grxeoh0vwduuhg lwhpv duh vljql?fdqw dw wkh 8( ohyho1
65